Introduction: To present a rare occurrence of "Swiss-cheese" defects of left ventricle in acute myocardial infarction. Case Report: A 64-year-old male with persistent ST segment elevation in anterior and inferior leads developed sudden deterioration within 2 days after thrombolysis. Echocardiography revealed ventricular septal and LV (left ventricular) free wall ruptures at multiple sites with contractile dysfunction and the patient died suddenly, followed by an episode of ventricular tachycardia. Discussion: Myocardial rupture may complicate in 10% of acute myocardial infarctions and it is the second most common cause of in-hospital mortality next to pump failure. It is responsible for 15% of in-hospital deaths and 50% died within 5 days and 82% died within two weeks of index infarction. Conclusion: Aggressive early diagnosis and surgery may confer a survival rate as high as 75%. The prognosis is grave in patients presented with cardiogenic shock and multiorgan dysfunction; surgery is best avoided and supportive medical therapy may be adequate in such cases.
Introduction
Left ventricular wall comprises three layers, superficial (subepicardial), middle, and deep (subendocardial) and the longitudinal alignment of myocardial strands of one layer interconnect with strands of next layer in continuum, not separated by cleavage planes or sheets of fibrous tissue. The superficial layer occupies approximately 25% of wall thickness and these oblique strands are in continuity with longitudinal strands of deeper layer at the base and apex of the ventricle, which constitutes <20% of wall thickness. The middle layer consists of circumferential strands and comprises 53% -59% of ventricular wall thickness [1] . It is thickest around the base, encircling the inlet and outlet portions and thinning out towards the cardiac apex. The middle layer of the left ventricle occupies the major portion of the myoarchitecture of the ventricular septum which forms the parietal wall of both right and left ventricle and it is lacking at the apical portion of the septum. The bulk of the myocardium is formed by the contractile cardiac myocytes. The endomysium, a network of fibrocollagenous interstitial connective tissue, surrounds each myocyte and provide a supportive framework. The perimysium, a network of thicker interstitial connective tissue, surrounds group of myocytes and prevent malalignment between bundles.
After acute myocardial infarction, the myocytes develop a typical wavy appearance and exhibit cytoplasmic hypereosinophilia and nuclear pyknosis. 8 hours later, interstitial edema and neutrophilic infiltration occur and after 24 hours, cross-striations are lost and focal hyalinization begins. Collagenase activity appears in the 2nd day and peaks at 7th day of infarction, leading to collagen degradation. New collagen fibers (Type III early and Type I later) appear on the day of 14. Removal of necrotic debris occurs within 4 days of infarction, complete after 4 -6 weeks and replaced by scar tissue.
Myocardial rupture is a laceration or tearing of the ventricular wall and most commonly occurs in the setting of acute myocardial infarction. Ischemic myocardial rupture occurs between the time of collagen degradation and the laying down of new fibrous tissue (2 -14 days) and typically seen between 3 to 5 days after infarction [2] . During rupture, increased number of leukocytes, collagenases (matrix metalloproteinases) and intramyocardial hemorrhage occur at the site rupture. Myocardium regains its normal biomechanical strength after 7 days [3] and the incidence of rupture is highest in the first 7 days following myocardial infarction [4] .
Myocardial rupture can be classified into 3 types [5] by Becker and van Mantgem as given in Table 1 .
Morphologically, four types of myocardial rupture have been described [6] as given in Table 2 .
Kumar et al. [7] reported cardiac rupture in Takotsubo cardiomyopathy, a reversible disease often triggered by acute emotional or physical stress, characterized by ECG changes mimicking acute myocardial infarction and acute compli- cations such as cardiogenic shock occurs in 50 % of cases [8] . This can lead to left ventricular rupture and recent studies reported right ventricular involvement in 28% -50% [9] [10], the friable right ventricle susceptible to rupture due to mechanical wall stress in biventricular Takotsubo cardiomyopathy [11] . Isolated RV free wall rupture as a complication of inferior wall and right ventricular myocardial infarction is an uncommon finding in transthoracic echocardiographic examination [12] and it was reported in Figure 1 to Figure 6 .
Review of Literature
Historically, the first clinical reference to post-infarction left ventricular wall rupture was reported by William Harvey in 1647 [13] . London and London in an analysis of 1000 cases of fatal myocardial infarction found that 50% of ruptures occurred within 3 days and 89% within 14 days [14] . They reported that repeated and prolonged chest pain occurring in 55% of patients with cardiac rupture The anterior wall of left ventricle is involved more commonly than the posterior wall [15] . Von Torsel and Edwards suggest that symptomatology was consistent with a gradual evolution of cardiac rupture in reviewing 40 cases [16] . Leutsch and Lanks demonstrated that the rupture was progressive rather than abrupt by finding an organizing thrombus at the site of rupture [17] .
Common sites of myocardial rupture are anterior or lateral walls and a mid ventricular position along the apex to base axis is most frequent (66%). Blow-out and ooze ruptures are the other pathological variations sometimes used. Blowout ruptures present as macroscopic tear in the epicardium and the communication between the LV cavity and pericardial space is observed. In oozing ruptures, no macroscopic defects are visible [18] .
Multiple sites of rupture in the left ventricular myocardium including the interventricular septum following an acute myocardial infarction are uncommon and so this case had been reported. Figure 8 and it was not responded to intravenous amiodarone and cardioversion, the 
Case Report

Discussion
Myocardial rupture is a catastrophic complication of acute myocardial infarction and most often occurs near the edge of the necrotic myocardium where it abuts the hyperemic healthy zone having the greatest inflammatory activity and high shear stress. It involves the free wall of the ventricles, interventricular septum, and papillary muscles and rarely involves the atrial walls. It is more common in patients aged >60 years and usually seen in women (1.4:1). Contributing risk factors for myocardial rupture are listed in Table 3 .
Left ventricular free wall rupture is 4 -10 times more often than the rupture of the interventricular septum or papillary muscle with an incidence of 2% -4% of myocardial infarction [19] [20] and 2.2% -10% in various series [21] . It was localized to anterolateral, anteroapical, inferolateral and posterior walls. Higher incidence of rupture (44%) in the lateral wall of the ventricles is probably due to the increased stress resulting from the contraction of papillary muscles. an anfractuous tract between the layers of the myocardium and may account for 30% of all cases of in-hospital free wall rupture.
Even though most of the ventricular ruptures occur in the free wall of the left ventricle [23] , the rupture occurs in the interventricular septum in approximately 15% to 20% of cases [24] and it complicates 1% -2% of acute myocardial infarction presentations in pre-thrombolytic era [25] . The incidence has declined to about 0.2% in thrombolytic era and most contemporary series shown that it is increasingly rare, complicating between 0.17% -0.31% of patients presenting with acute myocardial infarction [26] . Two pathological types of ventricular septal rupture were described by Edwards et al. [27] in an autopsy report as simple ruptures defined as direct through-and-through defects and complex ruptures characterized by serpigenous, hemorrhagic tracts with myocardial disruption and necrosis extending beyond the primary site with a convoluted course. Simple ruptures are more common after anterior myocardial infarction and complex ruptures are more frequent in inferior myocardial infarction. Of interest, 80% of all complex ruptures occurring in patients with inferior infarction and 21% of ruptures are complex in anterior myocardial infarction. The nature of presentation has changed as the average time interval between infarction and rupture is closer to 24 hours [34] . Ventricular free wall rupture (VFWR) in patients with reperfusion therapy (either primary PCI or thrombolytic therapy) occurs in 24 -48 hours and is characterized by slit-like myocardial tear or erosion with hemorrhage due to activation of plasmin by thrombolytic agents [35] when the reperfusion time is delayed. About 60% of ventricular ruptures occur with infarction of the anterior wall, 40% with posterior or inferior wall and men are affected more commonly than women. Sometimes multiple septal perforations may occur simultaneously as shown in Figure 12 or within several days of each other. Acute onset of shortness of breath, chest pain, diaphoresis, unexplained emesis, cool and clammy skin and syncope may herald the onset of ventricular septal rupture in acute myocardial infarction. A triad of recurrent or persistent chest pain, recurrent or persistent ST segment elevation and unexplainable hypotension is termed as "subacute free wall rupture syndrome" (post-myocardial infarction free wall rupture syndrome) [36] . A loud, harsh systolic murmur, associated with palpable thrill in 50% of cases audible over left sternal border and apical areas is the most consistent physical finding of postinfarction ventricular septal rupture and it indicates the onset of sudden deterioration in a previously stable patient with the development of heart failure or cardiogenic shock. Persistent ST segment elevation after acute myocardial infarction is associated with higher incidence of myocardial rupture. In the setting of acute myocardial infarction, ST elevation in inferior and anterior leads as shown in Figure 7 as a result of occlusion of a large wraparound left anterior descending coronary artery (Left anterior descending coronary artery (LAD) reaching the apex, wraps around the left ventricular apex and travels some distance in the posterior inter-ventricular groove and supplying the apical inferior aspect of the heart-type III LAD) is associated with an increased risk of ventricular septal rupture [37] . New ST segment changes ("saddle-shaped ST-segment elevation") or persistent non-inversion of T-waves in the affected leads may suggest a less noisy 'stuttering" type of rupture [38] . Postinfarction septal defects are localized in the muscular part of the septum and are associated with a high incidence of left ventricular aneurysm as shown in Figures 9-11 [39] as 30% according to Schlesinger et al. [40] and 68% by Hill et al. [41] . Without ventricular septal rupture, the incidence of aneurysm is considerably low with an incidence of 12.4%. Silent myocardial infarction may result as an asymptomatic ventricular septal rupture or chronic heart failure [42] . Anterior myocardial infarction is associated with rupture of the apical septum and in inferior myocardial infarction, it often occurs at the base of the heart with high mortality mainly due to severe right ventricular dysfunction. Complete spontaneous closure of such an acquired defect is extremely rare.
Echocardiographic Features
Emergency bedside transthoracic echocardiography is the diagnostic modality of choice in all types of myocardial rupture. Two-dimensional echocardiography can directly visualize the entire length of interventricular septum and its defects.
Richards et al. [43] found the unusual flow signals near the right ventricular side of the ruptured septum by using Doppler and M-mode echocardiography and Keren et al. [44] by using Doppler and two-dimensional echocardiography. Postinfarction ventricular septal defects may be small or multiple or consists of linear tears as shown in Figure 12 , Figure 13 , Figure 16 and coexisting with left free wall rupture as shown in Figures 17, Figure 18 and it resembles the Emmantel Cheese, a yellow, medium-hard cheese, riddled with holes that originate in the area around Emmantel in Switzerland and so described as "Swiss-Cheese" left ventricle as in Figure 19 . The shunt across the ventricular septal rupture is bidirectional as shown in Figure 15 . The majority of shunt is towards the dilated, dyskinetic low pressure chamber of left ventricle as shown in Figure 14 in this patient. Non survivors may be a reflection of more extensive myocardial disruption with hemorrhage into the neighbouring tissue from complex ruptures as shown in Figure 19 , leading to contractile dysfunction with an ejection fraction of 26% as in Figure 20 in this patient.
Management
Medical Therapy
Medical therapy is initiated in an attempt to stabilize the patient hemodynamically by reducing the afterload with vasodilators and by increasing the cardiac output with inotropic agents. Vasodilators also decrease the left-to-right shunt associated with the mechanical defect and thereby increases the cardiac output.
Intravenous nitropglycerin is the preferred agent in ischemic heart disease. Profound cardiogenic shock precludes the use of vasodilator therapy and often need the vasopressor support. Rapid fluid administration to increase the preload and to improve cardiac output in cases of free wall rupture is advisable. IABCP (intraaortic balloon counterpulsation) may be helpful to reduce the left ventricular afterload and thus increasing the cardiac output. It reduces the leftto-right shunt and also causes diastolic augmentation with an increase in coronary blood flow and myocardial oxygen consumption. It is not a substitute for urgent intervention and patients with cardiogenic shock; it should be followed by immediate intervention. The role of IABCP in left ventricular free wall rupture is less clear. This aggressive approach often results in temporary hemodynamic stability and patients may deteriorate rapidly. Thus, achieving hemodynamic stability before surgery is beneficial, but a prolonged attempt to improve the patient's hemodynamic status is hazardous [45] . In animal studies, beta blockers and angiotensin converting enzyme (ACE) inhibirors were found to reduce the activation of matrix metalloproteinase and synthesis of collagen. In a recent study, the uses of ACE inhibitors but not beta blockers were found to reduce the risk of VFWR (ventricular free wall rupture) [46] .
Catheter Therapy
Device closure is difficult while the margins of the septal rupture are soft [47] . It may provide a temporary hemodynamic relief and allows surgical closure when the infarcted myocardium has had time to fibrose [48] . The defects <15 mm in size is optimal. Inferior/posterior defects are unfavourable as they lack an adequate tissue rim to secure the device. Serpigenous defects may complicate significant leakage around the defect and freshly infarcted myocardium may exhibit ongoing necrosis and making device instability, peri-device leak and even device embolization. Patients who undergo percutaneous closure should receive dual antiplatelet therapy for 6 months followed by baby aspirin (75 mg/day) thereafter.
Ventricular assist devices, a temporary device will maintain the patient's hemodynamics while the edges of the septal rupture fibrose sufficiently to support a percutaneous implantable occlusive device.
Surgical Therapy
In 1972, Fitz Gibbon and Montegut performed the first successful surgery for the correction of left ventricular free wall rupture due to ischemic heart disease [51] [52]. Nasir, et al. [53] concluded that surgery is superior to conservative management for patients presenting with free wall rupture. A delayed surgical ap-proach with the use of circulatory support is the preferred method for ventricular septal rupture (VSR) repair and the stable hemodynamics is a significant predictor of survival [54] . The ideal time for surgical repair is 2 -3 weeks after the rupture when the edges of the defect become firmer and fibrotic. The repair is more secure, easily accomplished and more receptive to sutures during this time. Immediate surgery is usually indicated [55] since postinfarction rupture rapidly leads to hemodynamic deterioration and cardiogenic shock.
In patients presented with cardiac tamponade and hypotension, catheter peri- with ventricular aneurysm and rupture had been described [58] . The technique consists of by performing left ventriculotomy through the infarcted muscle and securing a glutaraldehyde-fixed bovine pericardial patch to the endocardium of the left ventricle (all around the infarcted myocardium); excluding rather than excising the infarcted septum and ventricular walls and the ventriculotomy is simply closed over the pericardial patch [59] . This technique was preferred in this patient.
For basal septal rupture, closure of the defect with bovine patches by incising the tricuspid septal leaflet through right atrial approach without ventriculotomy was preferred [60] . Gore-Tex patches or strips are most commonly used in ongoing squirting rupture and sutureless management is preferable in the oozing type [61] .
Concomitant coronary artery bypass grafting (CABG) may be required and helpful to improve long-term survival.
Screening of Population
A small RV (right ventricular) free wall rupture in a 66-year-old female with acute inferior wall infarction was shown in Figures 1-3 and a large RV free wall rupture in a 70-year-old male with right ventricular infarction was shown in 
Conclusion
The free wall rupture in acute ST-elevation myocardial infarction is under-recognized [62] and sometimes it is subacute, may not be typical of an acute blowout rupture and leading to death within minutes. Instant diagnosis is crucial to detect free wall ruptures by transthoracic echocardiography. The incidence of myocardial rupture was decreased if primary percutaneous intervention was performed in acute myocardial infarction [63] and it is about 2% -3% [64] . If there is extensive myocardial damage with hemodynamic compromise, early intervention is urgently needed. Most studies show that overall mortality rate of early surgical approach is <25%; it was lowest in apical septal ruptures, lower in anterior septal rupture (10% to 15%) and high for posterior defects (30% to 35%). Therefore, surgical treatment must be carried out on an emergency basis even if the patient was stable [65] and 90% die without surgery. The time between the onset of acute myocardial infarction and surgical intervention is the most important factor determining the outcome and in-hospital survival [66] .
